Concern about environmental degradation in Quincy Bay resulting from these point source discharges led U.S. Congressman Brian Donnelly, whose District includes the City of Quincy, to get legislation passed directing the U.S. Environmental Protection Agency (EPA) to undertake a study to determine the types and concentrations ofpollutants and the extent ofsludge in Quincy Bay. The study was also mandated to include an evaluation of the public health risks associated with Quincy Bay sediments.
To accomplish the study objectives, the Quincy Bay Study was divided into five tasks as follows: task I, review ofhistorical data for characterization ofQuincy Bay contmination; task II, sampling and analysis for evaluation of sediment contmination; task EII, spl and analysis for evaluation offish and shellfish contamination and histopathology; task IV, analysis of fish and shellfish consumption andassessmentofrisk to public health; and *Metcalf & Eddy, Inc., 10 The task IV health risk assessment was perfomed using tissue residue data from task 11. The risk assessment was the most contoversial part ofthe study, and the rest ofthis paper examines the risk assessment methodology and results and the risk management decisions and policy implications. cially and recreationally significant species harvested from the bay and are locally resident in the study area for much, ifnot all, ofthe year. Clams and lobster from the bay are harvested commercially, and lobster and flounder are harvested recreationally.
Two types of hypothetical seafood consumption scenarios were identified and evaluated in this assessment ( Table 2 ). The first was to represent the maximum-exposed individual (MEI), assumed to consume 165 g/day of seafood. The consumption rate is a default value from the EPA guidance document (2) based on survey data showing that approximately 0.1 % ofthe U.S. population consumes 165 g/day of seafood. This default value was used in the absence ofa definitive consumption survey for the study area. Local interviews confirmed that a small population ofrecreational fishermen and/or those who rely heavily on self-caught seafood for subsistence are likely to consume this much seafood. Two MEI consumption profiles were evaluated. The mixed diet reflects an individual who catches a large amount ofseafood (including clams not caught legally), for home consumption; the flounder diet reflects either local or out-of-state fishermen who keep large enough quantities of Quincy Bay flounder for year-round home consumption.
The second types ofconsumption scenarios were for typical local consumers (TLC) who were assumed to consume 3.1 g of Quincy Bay seafood/day. The consumption rate was based on New England regional survey data for seafood consumption by specis (3). These consumers were considered likely to have regular access to flounder and lobster but not to locally harvested clams. Two person who does not.
The dose calculations were made using the standard assumptions for an integrated EPA risk analysis, including exposure over an entire 70-year lifetime and a 70-kg body weight for an average American adult. In addition, it was assumed in accordance with the EPA Guidance (2) that the ingested dose is equal to the absorbed contaminant dose and that cooking has no effect on the contaminants.
Risk Characterization
To calculate the plausible upperbound to excess lifetime risk of cancer by the EPA methodology, the contaninant-specific dose is multiplied by the EPA CPF for oral exposures to the contaminant. This equation assumes that the slope ofthe doseresponse curve is linear and equal to the CPF. The resulting chemical-specific and species-specific calculated risks are summed to calculate total upperbound excess lifetime cancer risks.
Results for the estimated maximum upperbound cancer risks from this study of consumption of Quincy Bay seafood are summarized in Tables 3 and 4 . Principal conclusions were a) The great majority of the estimated increased cancer risk was attributed to polychlorinated biphenyls (PCBs) in Quincy Bay lobster tomalley for any long-term consumers of even small amounts ofthis item. b) The only other cancer risks estimated to be greater than 1 in 1000 in this study were associated with the assumed long-term maximum consumption of very large quantities ofQuincy Bay flounder, on the order ofmorethan 100 g/day (i.e., about 100 pounds per year) for a 70-year lifetime. c) With the exception of risks due to consumption of lobster tomalley, the estimated risks to the prototype typical local consumers of Quincy Bay seafood were relatively small. However, if one goes beyond the tissue residue data to examine potential correlations to sediment contamination (and remedial action considerations), the question arises of the representativeness of the typically available sediment contaminant data. As shown in Figure 2 , PCB levels in both sediments and seafood from Quincy Bay are consistently two to six times higher than those from certain offshore areas of Massachusetts Bay. There is reason to believe both that sediments are a major source of exposure to the contaminants (9) (11) .
TransferPathways ofPathogens in Seafood. The task Hand task HI work in the Quincy Bay study (1) Given the evidence that additional areas ofseafood harvest exhibit sediment contminant levels similar to those found in Quincy Bay by the EPA study, a two-pronged approach to additional monitoring of contaminant residues in seafood may be appropriate. One componentof such an approach would require the analysis ofcontminant residues in those major seafood species from the conaminated sites that spend enough time at those sites to be at riskofcontamination. The second component would involve greatly expanded monitoring of contaminant residues in dockside land destined for local markets. Taken together, the data from these types ofmonitoring would provide a much better basis for exposure considerations in refined risk assessments and for appropriately targeting public health advisories, either recreational or commercial harvesting restrictions, and remedial action priorities for contaminated areas.
The Quincy Bay and developed a congener-specific CPF based on the Aroclor congener mix most similar to that found in the Quincy Bay samples.
As a result of the Study findings, EPA developed a series of recommendations, some requiring implementation on both national and local levels. EPA met with Massachusetts agencies to develop consensus and to determine responsibility for recommendations that would be implemented by the appropriate agency. The highest priority recommendations with the responsible agencies in parentheses are summar as follows: issue health advisories against consumption oflobster tomalley and seafood from urban areas (MDPH); develop an educational program to communicate the risk from consumption of contaminated seafood (MDPH, EPA); expand regulatory oversight and monitoring ofseafood (FDA, MDPH); establish restrictions on seafood harvest near wastewater discharges in urban areas (MDPH, MDMF); develop formal risk assessment methodology, regulatory guidance limits for priority seafood contaminants, and standard methodologies for measurement of chemical contminants in seafood (FDA, EPA); and develop ambient sediment quality criteria (EPA). Other recommendations included fiurter research on cooldng effects, the relationship between organism pathology, chemical contaminants, and human health risk, CPF development, and monitoring programs in Quincy Bay and in the rest of Boston Harbor.
Most recommendations ofthe study have been or are in some state of implementation. For instance, concurrent with release of the study, MDPH issued the recommended advisories and since has been attempting to expand its seafood monitoring program. MDPH has also been working with EPA to develop both short-term and long-term education programs.
